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EEC )miSSA?!CB OV RADIOACTIVE E' >JK6 OF VERMONT, NBT- HAMPSHIRE, 
, R- )r£ ISLAND, AT-'U SOUTHEASTERN NEW YORK

by 

Frank A« McKeown

ABSTRACT

In 1948, 79662 miles of roadside rocks and soils in Vermont 2 

Hew Hampshire, Connecticut, Bhode Island, and southeastern New Tork 

were traversed with a car-aounted Geiger-Mieller counter The ob 

served distribution of the abnormally radioactive rocks and soils

is limited to certain areas, fcereia called Mr*4ioaQtire provinces/1/

tfett ar« separatwl ftro» e cte »th«r br «r«^« of esstritiAliy nonradio- 

active rock. fhea« £rcwi£ce3 , &n«l th«ir mxiauffi percent equivalent 

«ramiiuft are: (l) %« Ibdson and HotttJitoaic Jiij*hlafid* of aouthe&ftterft 

i«v Tork and wt«t^m Cowuecttci "-t, 0 0 240 equivalent uranium; (2) 

Saairal Hew Bi^rland, Oo006 equivalent uranium; and (3) the Milton 

area &£• northirtst*y!i tarmont, O.029 equivalent uranium . The 

distribution, grade, form, a.id \iranium~thorium ratio of the radio 

active deposits differ in each o| the three provinces, Most of the 

radioactivity outside of 1^e ill ton area is caused V thoriumc

Soring the late smaner and fa 11. of 1948 3 the 8eo logical Survey 

a reconnaissance ia Vermcnt, lew Hampshire, Connecticut, Rhode 

Island, *ad part of southeastern N«f York, to gain a general knowledf*



of the d" «• ribution of radioactive raterials in the New England states. 

The objectives of this reconnaissance were twofold: (l) To define areas 

in which more detailed prospecting for uranium deposits is warranted, 

through the correlation of abnormal radioactivity with other geologic 

evidence; and (2) to test and evaluate the car-traverse method of 

radiometric measurement and prospecting.

The radioactivity of the roadside rocks and soils was measured 

with car-mounted Geiger-Mueller counters. A total of 7,662 miles of 

roads was traversed. Ihe mileage was distributed as follows:

States Miles

Vermont and New Hampshire 4,,732 
Connecticut and Rhode Island 1*458 
Pennsylvania and New York (enroute to

and from New England) 1,4.72

Jbtal ' 7,662

Traverses in Vermont and New Hampshire were planned to cross 

all the major geologic formations on as many roads as possible. All 

numbered and a few unnumbered highways were traversed. It was 

necessary to curtail traverses in Connecticut and Rhode Island be 

cause of approaching winter weather and, therefore, as many geologic 

formations as possible were traversed on a limited number of high 

ways. However, all of the formations that appear on the geologic 

maps of Connecticut and Rhode Island _/ were crossed several times 

on different roads.



__/ rh'ce^ W* N O and Gregory, H, E., Ifenual of the Geology of 
Connecticut? Connecticut Geol, Survey Bull. 6, 1906»

Emerson, B» K., Geology of Massachusetts and Rhode Island: 
U. S* Geolo Survey Bull. 597,~map, 1917.

John Mo Nelson established most of the field procedures used 

and aided in much of the interpretation of the data that were

collected* Harold Arndt assisted in the field work. Perry F.
4 ;• • /•/*"; ._ " 

Narten aided in the preparation of the report* All sample

analyses and mineralogic studies were made by the Geological 

Survey laboratory*

EHQSflBCTING ME2HOUS

The car-traverse equipment and its performance characteristics 

have been described in a report by Nelson __/. The equipment consists

_/ Nelson, J, M0 , Prospecting for uranium with car-mounted 
equipment: U. S. Geolo Survey Trace Elements Investigations Rept. 
65, July 1949*

of a counting-rate meter, an alarm circuit, and 2 Geiger-Mueller 

tubes, each tube having a response of 1,500 pulses per minute in 

areas of normal radioactivity* Ihe alarm circuit can be adjusted 

so that a bell will ring at any predetermined reading of the 

counting-rate meter* IMs serves to give an aural signal to the 

operator when passing roadside rocks and soils of abnormal activity 

and allows him to give his attention to other tasks.



Changes of 0«001 percent equivalent uranium in the roadside rocks 

and soils can be detected at a traverse speed of 30 miles per hour. 

This degree of sensitivity requires a radioactively homogeneous band 

of soil or rock having an equivalent uranium content between 0.000 

and 0.005 percent, and a width of about 150 feet parallel to the 

traverse. Higher-grade deposits less than 150 feet wide usually will 

show a car-measured radioactivity less than the actual activity. 3his 

deviation of measured from actual radioactivity is a function of 

several independent variables such as the geometrical relationship of 

the Geiger-Mueller tube to the outcrop and the physical and chemical 

characteristics of the rocks* The possible variations in relationships 

aifce infinite in number and cannot be rigorously evaluated.

Radioactive rocks and soils discovered with the car-traverse 

equipment were further investigated on foot with a portable 42 by 

2-inch gamma tube and a counting-rate meter* Small veins, joints, or 

areas of rocks were checked for abnormal radioactivity with a beta- 

gamma tube and a counting-rate meter.

Correlation of counting-rate meter readings obtained when the 

gamma tube is placed on the outcrop, with measurements of radio 

activity of samples taken from the outerops^ made it possible to 

estimate the equivalent uranium content of many outcrops without 

sampling. Most rocks that were thought to contain 0*005 percent or 

more equivalent uranium were sampled ana asoayed for uranium*

The approximate percentage of thorium can be calculated if the radio- 

activity of a cample is expressed in percent equivalent uranium and the 

percentage of uranium in a sample is known, assuming that the uranium



is in equilibrium w> tl ii,s disint >-j &tion products, Thus, if a 

sample contains 0 &020 [Descent equivalent uranium and CL008 percent 

uranium, by subtraction 0.012 percent equivalent uranium may be 

attributed to potassium and thorium^ The potassium activity in 

rocks containing 3 to 5 percent K20 is assumed to be about 0,001 

percent equivalent uranium, leaving 0.01-. percent equivalent uranium 

due to thorium activity. As tfre beta activity of thorium is about 

one-quarter that of uranium, this figure ic» ,'iultiplied by the factor 

fouv and the calculated content is 0,044 percent thorium. Most 

analyses for thor'.um in the New England samples show an observed 

factor that ranges from three to fire.

Although probably only a small part of the total number of 

radioactivity anomalies in the New England states has be-n found, it 

is believed that the method of prospecting used was successful in 

partly defining the areas of concentrated radioactive anomalies, and 

indicating the areas favorable for detailed investigation. General 

knowledge of the location and extent of the abnormally radioactive 

area has been gained* In addition, on the basis of Nelson's data 

and conclusions _/, obtained fiom relati/ely small low-grade deposits, 

it is very probable that few, if any, deposits containing tens of tons 

of radioactive material of a graae above 0.1 percent uranium were 

missed if they crop out within 25 feet of a traversed road.

_/ Nelson, J. H., op. cit«, f.ip. 2, pp. 6-7,
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DISTRIBUTION OF RADIOACTIVITY

Most of New Hampshire, Vermont, southeastern New York, Connecticut., 

and Rhode Island are underlain by pre-Cambrian and Paleozoic igneous, 

sedimentary, and metamorphic rocks* Mesozoic sedimentary and intrusive 

rocks are limited largely to the Connecticut Valley, Locally^ the 

rocks are blanketed by glacial material but it is believed that the 

network of roads traversed is sufficiently close-spaced so that all 

of the major rock units were adequately scanned with the car-mounted 

instruments* Abnormally radioactive glacial material in places was 

found south of its radioactive bedrock source for distances up to 

10 miles.

The distribution of the abnormally radioactive rocks and glacial 

materials is such that three areas are roughly delimited on the basis 

of radioactivity! (l) The Hudson and Housatonic Highlands of south 

eastern New York and western Connecticut! (2) a belt extending from 

central and eastern Connecticut and western Rhode Island northward 

to the Canadian border, herein called ^Central New England$? (3) an 

area near Milton, Vt« These areas are designated as "radioactive 

provinces, 11 in a usage similar to "metallogenic provinces. 11 The 

deposits within each province are characterized by similar maximum 

equivalent-uranium content, by similar ratios of thorium to uranium, 

and in part by the rock types in which the deposits occur. The first 

two areas are large and are surrounded by essentially nonradioactive 

rocks. 2he third nrea, although isolated with respect to other 

radioactive rocks described in this report, may constitute a border 

phase of another province, as yet undefined.,
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HE HUDSON ^iJD HOUSATOiilC RADIOACTIVE PROVINCE

She Hudson and Housatonic Highlands of southeastern New York 

and western Connecticut form a radioactive province that is 

characterized by a highly variable equivalent uranium content and 

a highly variable thorium-uranium ratio (table 3, figs* 3 and 4). 

Radioactive anomalies of various intensities were found from the 

vicinity of Peekski.ll, U. I., to Cornwall Bridge, Conn. (fig* l)*

Geology

The geology of the crystalline Highlands consists _/ of a

_J lowe, K. E., Storci Kinp Granite at Bear fountain, New Yorks 
Geol, Soc* America Bull., vol« 61., pp. L42-143, 14-8, 1950.

sequence of intercalated qtiartzitic, micaceous^ and calcareous rocks 

that were severely metamorphosed during several periods of regional 

deformation and granitic intrusion* Most investigators _/ in the

—/ Berkey, C* P0 and Rice 5 Marion, Geology of the West Point 
quadrangle: New York State Mas. Bull., Nos. 225-226 5 pp* 49-51, 1919

Lowe, K. E., ope cit., p* 150.

Highland have concluded that the metamorphic rocks were of sedimentary 

origin and assign them to the Grenville series of pre-Oambrian age» The 

The present major northeastward structural trend of, the Orenville series 

ia thought to oe the result of an early pre-Cambrian orogeny- The struc 

tures thus formed have controlled, to a large extent, all the successive 

igneous intrusions. J
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Berkey, Co P., and Rice, Liar ion, op. cit., p. 81. 

Lowe, K* E 9 , op* cit., p* 16-4 •

The grani'oe intrusions have so altered the country rocks that in 

much of the area it is difficult to determine whether these rocks 

originally were of sedimentary or igneous origin.

Radioactivity

3he pre-Cambrian rocks of the Hudson and Housatonic Highlands 

have an estimated average radioactivity between 0*002 and 0*003 

percent equivalent- uranium and an observed range of 0*001 to 0.24,0 

percent equivalent uranium. In the samples taken the maximum content 

of uranium is 0.095 percent and the maximum content of thorium is 

1»04. percent. Hie thorium-uranium ratio in the samples ranges from 

111 to 40£l« Most of the highly radioactive deposits are in pegmati 

tes, but a pegmatized gneiss contains as much as 0.064 percent 

equivalent uranium. The maximum observed radioactivity in gneiss 

and schist is 0.013 percent equivalent uranium, in granite about 

0.006 percent equivalent uranium. The more radioactive deposits are 

in a belt trending northeast from the vicinity of .Bear Mountain 

Bridge, N. Y., to the village of Cornwall Bridge, Conn. (fig. 1).



Southeastern few Torkf Hadson Highlands 

Bsar ibuntain area

Bear «otmtai*f tt>'lp , (figo 2 V qttarts^feldspar~biotite
'v ' 

gneisses , in places carrying garnet as a major constituted, are

interlayered irita several varieties of schist and resemble bedded 

sedimentso Qoarta»feldspar«biotite pegmatites 9 15 feet in greatest 

observed dimensions* are parallel to the achistosity and layering 

of the gneisso irregular discordant masses of pegmatite also are 

present* Gr»Bitio rocks ̂  usually gnelssio^ occur thrmighout thd 

areao At five r0«4filde Iftoalitijw in a 3- ^ 4- mile area pegmatitea 

and! gneiss con«aio«9 liili Oo<K>5 ^t Oo2QO percent 6quivdle«t *rafiia«c 

Hirta of the frartitic ffalca tvoteliy contain an average of 0*005
•«* 

* • -

percent ©quiirmlent «r«fl&iai^ bot m tdgiay radioactive granite or 

pegnatitaa withi* garaaite, ware fotmdo

Ac **~ ifoet of the rotk *t locality A (figs* 2, $* and 6}

ia composed of qaert^^»ld«par*biotite gneiss and achieto tie

strikes about N0 20° to and dips 30° - 40° 3E0 Concordant stubby 

lenticular-sheped bodies of quart^feldapftr-biotite pegttatite occur 

in the gneiss and sohisto the iwudaua observed size of the pegmatites 

ia approximately 3 feet in thlcfcness ty 15 foot in lengtho

Ihe radioactive ainerals ia .the pegmatites have not been identifiedp 

Mineral analysis of quart** feldspar pegaatitio gneiss by tto E, Ihowpaon 

of the Geological Survey ehowa abundant 2ircori,9 a lesser amount of 

opa^txe minerals 3 and an unidentified mineral or aggregate of minerals 

contajftiag some uranium and thoriuao the uranium-bearing mineral or



aggregate of minerals is a dull yellowish crust : that coats various

grains of the pegmatite, The zircon also is radioactive. Chemical 

analyses (table 3, TV (A) -15, - 16, - 19, -20) show that thorium 

also is present and that the ratio between thorium and uranium in 

the samples is not constant. Ihe variation diagrams (figs. 3 and 4) 

show this variable ratio* Ihe difference that is shown in figure 3 

between percent equivalent uranium and precent uranium is attributed 

to thorium, for the effects of potassium are essentially negligible. 

Ihe diagrams, when compared to sample descriptions (see table 3) 9 

also indicate that the thorium-uranium ratio is not a direct function 

of lithology.

Ihe distribution and relative gamma radioactivity of the material 

at locality A and the location of traverses across the radioactive 

area are shown on figure 5« The radioactivity of the rocks along the 

traverse lines was estimated by noting the instrument readings over 

a distance of little or no change in activity and recording the 

average activity. 3his method seems to be inherently more accurate 

than arbitrary grid-control methods for determining the relative size 

and shape of a radioactive deposit, because many control points are 

obtained where the change in radioactivity is greatest and few where 

the change is least. Chemical analyses of samples from this locality 

show that the uranium content ranges from 0.001 to 0.065 percent and 

the thorium content from 0.030 to 0«lW30 percent (see table 3).
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Ino geelogia aecttoa {ft** 6) ahowa tho lithology aad location of • 

aaaplaa at locality A. *» hydrothomal aoao at tha eaator of tha 

aootioa haa baan thoroughly waatfearad and ita composition w*s not 

datoniaad aaeopt tor a ft* raaiatant maX^:^«^t*»~b*ajring qpiarta **iaa«

Cb tha batio of axtewMly fmr data tho dopo«it at locality A ia 

attiaatod to contain 5,600 tona of rook por Ibot of depth averaging 

0.045 parcoat thoriu* and 0*006 poroant ttsanitta* i* noot of the urmnUm 

and thorim ia oonoontratad ia ptgaatito and adjaoant gnoiaa 9 «*l*cUvi 

•iniag of tho rook might roault ia raiaing tho g**do of on to 0.160 

poroaat thoriaa and 0«090 percent uraaiuao

Iho eoaiMtationa for thoao tonnago and gx^da oaleulatiooa are ahown 

ba!0Vo It ia aaanaad that tha uraniiuHthoxltUi **Uo ia oonjtant through 

out tho aoaoo Baaio iaotruaont raaponao (iaatnawnt roapoaao oror a 

aomadioaotivt iMdbr of nator) ia only a avail fraction of ana ratoa*tav 

wit on tho aoalo «uMd in tho dotondnationa* It oaa bo oidttod ia tea 

ftlloviag eoiptttaUonet

io Omdoa

(a) Avaragt gawa aotiTitgr of all tmraraoa in tha 
outliaodi dopoatt (flg« 5) ia 7*7 fttawrtar

(b) Avoiago ganna activity of trafayaa nmbar 1 ia 
13 rateaotor «aita« ftr oaloulation, tho aTorage aotiti^r 
of tho dopoait ia.7»7A3 tiaoa that of ttttvarao moabor lo

(o) Awtgo ohoaioal wranlaft oontant of ohasmal aaiploa 
woo KMbor 1 io 0»OH poroonto $r oaleolaUon^tho 
ohMioal uraniwa ooatoat of tho dopoait ia 7-7/13

O.On or 0^006$ poroant uraniiau

oontant aToragoa about 7 tteoa tha turaaliui 
ooataato fly cAicui»Uon tho arorago thorivA ia 7 tiMa Oo0065 
or Oo045 poroant*
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2, Tonnage :

a of 72,850 square feet at 13 cubic feet per ton = 5,600 
tons per foot of aepth.

Locality B. — At locality B (fig. 2) dark-gray quart z-feldspar- 

biotite gneiss is interbanded with a lesser amount of pinkish quartz- 

feldspar-biotite gneiss. Quartz- feldspar-biotite pegmatite masses and 

lenses are distributed at irregular intervals. Some of these crosscut 

and others are concordant to well developed sheeting and banding in the 

gneiss. Ohe gneissic banding strikes about N. 20° E. and dips 30° - 50° 

SB.

Pegmatites contain the greatest concentration of radioactive material. 

Samples from this locality range from 0.002 to O e 05'? percent equivalent 

uranium and from 0.001 to 0.005 percent uranium. Barts of the gneiss 

probably are radioactive, but the presence of nearby highly radioactive 

pegmatite prohibits detection of the lower radioactivity of the gneiss, 

In an area approximately 50 by 350 feet, it is estimated that the combined 

radioactivity of the gneiss and pegmatite is indicative or rock containing 

0.005 to 0*020 percent equivalent uranium.

A possible radioactive area is located half a mile to the north of 

locality B, in a residential section of Highland Falls. No attempt was 

made to explore the locality or to take samples because it is in the 

front yard of a city residence. Measurements made with car traverse 

instruments indicate that the rock contains in excess of 0.010 percent 

equivalent uranium.



localities C and D. — localities C. and D, although 2 miles 

apart (fig. 2), are similar in litiology and radioactivity and'are 

discussed together,, Ihe rocks are massive fine-grained quartz-feldspar- 

biotite gneisses, the banding of which strikes No 35° E. and dips 25°-35°SI 

Both localities are probably in the Storm King granite _J. The abnormal

_J Lowe, K. E*s op. cit., pi. 1, 5- . > > •

radioactivity is• limited to a few massive layers, 3 to 15 feet thick, and 

was traced along the strike of these layers 200-300 feet. Because of this 

apparent stratigraphic continuity, the radioactive elements are believed 

to be syngenetic with the enclosing metasedimentary rocks. Samples from 

the radioactive layers range from 0.006 to 0.013 percent equivalent 

uranium and from 0.003 to 0.005 percent uranium.

Conclusionsi — Ihe deposits at Localities A and B are in pegmatite 

and greiss, and are of igneous or hydrothermal origin* At localities 

C and D the deposits appear to be in certain stratigraphic horizons in 

the gneiss, and may be of sedimentary origin. Other deposits in the 

Hudson Highlands area probably are similar in origin and occurrence 

arid grade. 'Die sample analyses show that most of the radioactivity is 

due to thorium-bearing minerals. Pitchblende, however, has been 

reported _J near Locality D.
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_/ Zodzc, Peter, Pitchblende near Peekskill, N. Y. i Rocks and 
Minerals, vol. 14, pp. 350-351, 1939-

Traverse north of Bear Mountain

In addition to the Bear Mountain area the Hudson Highlands were 

examined along a traverse to the north and northeast (fig.l). The 

results of this traverse are shown in Table 1. According to Berkey

and Rice _/ complexes of the Grenville gneiss and the Canada Hill and
/

J Berkey, C. P. and Rice, Iferion, op. cit., p. 28, map.

Reservoir granites are exposed along the traverse route.

Housatonic Highlands of western Connecticut 

®ro abnormally radioactive localities (fig. 1 and table 1) were
f f*.

found in the Housatonic Highlands of western Connecticut. Both locali 

ties are on approximate strike with each other in an area mapped ^J as

_/ Rice, W. N., and Gregory, H. F., The Geology of Connecticut: 
Connecticut Geol. and Nat. History Survey, Bull. 6, map, 1906. *

the pre-Cambrian Becket gneiss which may be a possible correlative of 

the gneisses at Bear Mountain.



THE CENTRAL NEW ENGLAND RADIOACTIVE PROVINCE

Ihe Central New Ting-land radioactive province extends from western 

Ehode Island and central and eastern Connecticut northward through 

central Massachusetts _J into eastern Vermont and western and northern

_y Johnson, D» H. 9 Radioactive rocks of Massachusetts, U. S* 
Geol. Survey Trace Elements Investigations Rept« 69, map in preparation.

New Hampshire. It is characterized by a relatively low and constant 

content of equivalent uranium and uranium, Ihe belt appears to follow 

the general regional structure but cuts across several lithologic types. 

This province is most radioactive in the area of greatest relief and 

rock exposure, the White Mountains of northern New Hampshire, where 

most of the rocks are estimated to contain from 0»003 to 0.006 percent 

equivalent uranium. Samples of radioactive rocks from the White 

Mountains have a maximum uranium content of 0.001 percent. Elsewhere 

in central New England the rocks contain more widely scattered deposits 

of similar equivalent uranium and uranium content. In Massachusetts __/

_/ Johnson, D, H., op. cit,, map.

a much denser road coverage more clearly defines the northward trend 

of the radioactive area, The most radioactive sample collected in 

Massachusetts contained 0.011 percent equivalent uranium, 0.001 percent 

uranium, arid 0*032 percent thorium*,
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The radioactivity of the rocks of the Central New Bngland province 

is considered to be due mainly to thorium, as uranium analyses to date 

have not shown more than 0.001 percent uranium.

The Central New England province Is separated from the Hudson and 

Housatonic Highlands, the Milton area, and the radioactive rocks of 

northeastern New York by a wide north-trending belt of rocks containing 

0*003 percent equivalent uranium or less. Abnormally radioactive 

localities within the Central New England province are shown in figure 1 

and briefly described in table 2*

!Bie investigation of pegmatites previously reported to contain small 

amounts of radioactive minerals was not a part of the work done for this 

report. The pegmatites traversed in this belt, with one exception, 

showed about the same average radioactivity as the other rocks*

Conclusions

The rocks of the Central New England radioactive province are 

low in uranium and the province is believed to be unfavorable for 

the occurrence of commercial uranium deposits.

As calculated frcm the difference between the precent equivalent 

uranium and percent uranium there are billions of tons of rocks in 

the province that probably contain between 0.010 and 0.016 percent 

thorium. The only sample assayed for thoria (No. 511, table 3) 9 

however, contained a maximum of only 0.006 percent. As the calculated 

value for this sample would be 0.016 percent thorium,the sample 

presumably is out of equilibrium.



RADIOACTIVE AREA WEAR MILTON, VERMONT

Bie Milton dolomite in northwestern Vermont was found to be ab 

normally radioactive (up to 0.029 percent equivalent uranium along 

U. S. Highway 7, about 2t miles north of the junction with U. S. High 

way 2 and about 3% miles southwest of Milton, Vt. All roads within 

5 miles of this point were traversed by car and much of the interroad 

area was prospected on footo ftie local geology _y 'and distribution of

* ' .'. " ! '•' ....

J Jacobs, B. C,, The geology of the Green Mountains of northern 
Vermont i Vermont State Geologist 21st Bept. p.S, pi 2, 1938.

radioactive rocks are shown on figure J«

Geology

The Milton dolomite is within a structural division of the rocks 

of northwestern Vermont known as the Central Sequence —/. The Central

_J Keith, Arthur, Cambrian succession of northwestern Vermont: 
Am. Jour,, Sci., 5th ser», vol. 5, no. 26, pp. 106-126, 1923.

____.____, Stratigraphy and structure of northwestern 
Vermont: Washington AcadrSeio Jour., vol. 22, pp. 369-379, 1932.

Schuchert, Charles, Cambrian and Ordovician of northwestern 
Vermont: Geol. Soc. America Bull., vol. 4.8, no. 7, pp. 1001-1057, 1937-

Sequence is a narrow belt of formations extending from Snake Mountain, 

5 miles west of Middlebury, Vt., north to the Canadian border. Ihese
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J MILES

FIG. 7 RADIOACTIVE ROCKS NEAR MILTON, VERMONT



formations strike northward between the Ghamplain thrust fault and the 

Border Mountain fault. The strata are Cambrian and Ordovician dolomites 

and slates that have overridden one another because of the eastward 

movement of the Green Mountain massif <>

Ihe abnormally radioactive localities are in the Milton dolomite 

between Gheckerberry Village and a point half a mile south-southwest 

of Cobble Hill (fig. 7). Keith J describes the Milton dolomite of

J Keith, Arthur, op. cit., pp. 113-114, 1923.

this area as follows? "The formation consists almost entirely of 

massive dolomite both fine— and coarse-grained. M-st of the beds 

are thick (from 1 to 5 feet), especially in the lower part of the 

formation "nd as a rule the bedding is difficult to determine... A 

pecularity of the Milton is its considerable content of black chert. 

Bais forms small, irregular patches and pockets much broken during 

rock movements, and is very seldom found in layers. Ihis chert 

weathers ott in black spots which readily catch the eye... Another 

pecularity of this dolomite is its large content of dolomitic 

conglomerate. 11 TUB thickness of the Milton dolomite in this area 

has been given by Keith as 700 feet5 Schuchert _/, however, thinks 

that it may be much less.

J Schuchert, Charles, op. cit., p e 1046, 1937.



Radioactivity

'Ihe abnormal radioactivity is directly associated with some black 

chert-like inclusions in intraformational breccias in sandy dolomite. 

Sample analyses show a maximum uranium content of 0,018 percent* Iwo

types of inclusions have been recognized, one of which is radioactive.
/

The radioactive inclusions are black calcareous clay galls and fragments 

that are syngenetic. Ihey protrude from the weathered surface of the 

dolomite and have the appearance of chert. Upon treatment with hydro 

chloric acid, 4, parts water to 1 part acid, these fragments crumble to 

a black spongy mass, and a thin film of oil is formed* The nonradio- 

active inclusions that were tested are actual fragments of black chert. 

Upon treatment with hydrochloric acid, the chert fragments become porous 

but remain hard, and no oil film is formed. Much of the rock &t locality 

E (fig. 7) is covered with a phosphate bloom, which seems to be more 

profuse where the radioactivity is greatest* Phosphate bloom was not 

noticed at the other localities, but the samples from locality A 

(fig» 7) contain as much as 7.19 percent PoOe,
™" J

Although soil cover masks much of the radioactive zone, the radio 

active chert-like clay galls in the intraformational breccia apparently 

are confined to a distinct stratum or to strata of similar age. Ihe 

thickness of such a stratum, or strata, was not apparent except in 

the stream bed at locality B (fig* 7) where the radioactive breccia had a 

stratigraphic thickness of about 3 feet. Elsewhere, abnormally radio 

active outcrops and soil are present as patches, 10 to 50 feet across, 

that may be isolated from one another by distances of several hundred
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yards. Other such patches ma/ occur within 25 to 50 feet of each other 

and form a belt of distinct linearity. On® such belt, at locality S, is 

about 1,000 feet long and 50 feet wide, The longer dimension is parallel 

to the general strike of the Milton dolomite. The wideness of this belt 

at this locality presumably is the result of the low angle of dip of the 

dolomite rather than its thickness.

The manner in which the radioactive elements are combined with other 

elements in the rock is not known. Alpha radiographs of thin sections of 

the most, radioactive samples made by the Geological Surrey Laboratory show 

that there are no apparent centers of radioactive concentrations and 

that the amount of radioactivity is variable throughout the radioactive 

rocko The fact that the radioactive material apparently has a wide areal 

and narrow stratigraphic distribution and is disseminated in its immediate 

host rock suggests that the radioactivity is a feature of the original 

sediments. This association of abnormal radioactivity with black 

chert-like petroliferous calcareous clay galls and phosphate in intra- 

formations! breccia suggests that the radioactive material may have been 

concentrated there along with the phosphate, sand grains, and dolomite 

fragments as a residue during erosion of the underlying sandy dolomites. 

If this is true, then other intraformational breccias and disconfentities 

which are characteristic of the Central Sequence also should be examined for 

abnormal radioactivity.

Chemical analyses of the more radioactive samples (table 3, Vermont 

samples) indicate that uranium accounts for about two-thirds of the 

radioactivity* The remainder of the activity is, by inference, 

attributable to thorium and potassium.
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Description of localities 

Locality A

An abnormally radioactive zone of soil and float extends for about 

20 feet along U» S. Highway 7, near the center of a patch of woodland 

on the east side of the road at locality A (fig. 7). This zone is 

2.2 miles north of the junction of U. S. Highways 2 and 17. Badio- 

active soils and rocks also are distributed irregularly throughout the 

woodland. Samples of dolomite with black chert-like fragments from this 

locality contained from 0.002 to 0,020 percent equivalent uranium (table 

3 8 samples 506-509), The most ! radioactive sample contains 0*018 percent 

uranium* Phosphate analyses made oh these samples indicate that there 

may be direct relationship between the uranium and phosphate contents.

locality B

The roadside soil is abnormally radioative at locality B t about 

0.3 mile northeast of locality A8 along a lane that extends east from 

U. S. Highway 7 (fig. 7), The outcrops in the bed of an intermittent 

stream are radioactive for a distance of approximately 300 feet south 

of this point« Several places on the hilltop east of the stream also 

are abnormally radioactive. A few scattered crystals of purple 

fluorite were noted. Samples of black chert-like material, dolomite 

with intraformational black chert-like breccia, and do&4toifai«it2E' 

>3ia»ck ic&frfc-l^keub'tfeccia ,aad inclusions of fiuoritei > estate rifiroffl 

0,001 to 0«020 percent equivalent uranium and from 0.000 to 0.018 

percent uranium (table 3, samples 5l6Sli«
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Localities C and D

-•Locality C (fig. 7) is defined by an abnormally radioactive 

soil zone approximately 0.4 miles south-southeast of locality B 

near a clump of small trees 200 yards south of a barn, A small out 

crop 300 feet farther south also is radioactive. Locality D consists 

of three areas of abnormally radioactive soils at 150, 300 8 and 600 

feet north of the lane at locality B. No samples were taken at 

localities C and D and the estimated radioactivity is of the same 

magnitude as at the other localities.

Locality S

Badioactive rocks crop out about half a mile S. 75° W. of the 

top of Gobble Hill. The geology at this locality has been described 

by Schuchert J* Much of the bedrock is coated by a phosphate bloom.

J Schuchert, Charles, op. cit., pp. 1057-1058.

Grab samples of dolomite with black chert-like intraformational 

breccia from this locality contain as much as 0.015 percent equivalent 

uranium and 0.009 percent uranium (table 3, samples 513 c 514, 519, 

and 520).
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Conclusions

Black petroliferous phosphatic calcarous clay galls in an intra- 

formational breccia in the Milton dolomite southwest of Milton, Vt. 

contain up to 0.018 percent uranium. The manner of occurrence and 

the areal distribution of the uranium in the breccia is indicative 

of syngenetic deposition. The deposits, as they are now known, are 

too small and spotty to be of economic importance,

CONCLUSIONS

The radioactive rocks of the New England States investigated 

occur in three distinct radioactive areas. These have been desig 

nated as the Hudson and Housatonic Highlands province (southeastern 

New York and western Connecticut), the Central New England province 

(parts of Vermont, New Hampshire, Massachusetts, Connecticut, and 

Rhode Island), and an area near Milton, Vt. Within these provinces 

many types of rocks are abnormally radioactive; in adjacent areas, 

similar rocks are essentially nonradioactive.

The radioactive provinces are characterized by the following 

relations?

1. The dominant radioactive element varies from province to 

province. In the Hudson and Housatonic Highlands, the 

radioactivity is caused by both thorium and uranium; the 

ratio of thorium to uranium is highly variable, but in 

general thorium is predominant. In the Central New Eng 

land province, the radioactivity probably is caused largely 

by thorium; at the Milton, Vt., area, uranium is the domi 

nant radioactive element.
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2» The range in intensity of radioactivity differs between 

provinces. In the Hudson, and Housatonic Highland^ the 

range of radioactivity is- from 0.001 to 0.24-0 percent 

equivalent uranium* In the Central New England province^ 

the range is from 0.003 to 0,006 percent equivalent uran 

ium,,

3« The concentration of the radioactive materials differs be 

tween provinces. In the Hudson and Housatonic Highlands^ 

most of th- rocks contain about 0.002 percent equivalent 

uranium, and only a fraction of one percent of the rocks 

contains high radioactivity. In the Central New England 

province^ the radioactivity of most of the rocks ranges ,from 

0.003 to 0.006 percent equivalent uranium.

4« The type of rock that is most radioactive in one .province 

is different from the type that is the most radioactive in 

another. In the Hudson and Housatonic Highlands^ pegmatites 

tend to be highly radioactive., ..In the Central New England 

province^ the pegmatites tend to have about the same amount 

of radioactivity as the surrounding rocks.
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